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1 ABSTRACT: 
This project was concerned with the effects of a 
reduction/oxidation filter on water quality in Western 
Michigan University's Pilot Paper Plant. The filter was 
installed after the clarifier in the pilot deinking 
system. In other applications the filter has been found 
to remove heavy metals, chlorine, and also reduce the 
amount of scaling in a system. This application of the 
filter showed inconsistant results with no definite 
beneficial trends. 
INTRODUCTION: 
This project was undertaken to determine if using a 
reduction/oxidation (redox) filter would help reduce the 
amount of effluent that leaves a recycle paper mill. 
This could possibly lead to complete closure of the water 
system making zero effluent a reality. 
The filter was obtained from KDF Fluid Treatment of 
Three Rivers, Michigan. They installed it so that the 
water leaving the dissolved air flotation clarifier (DAF) 
went through the filter on the way to the drain. By 
running the water through the filter we hoped to reduce 
heavy metal content and show a reduction in system 
scaling. 
I took untreated, treated, and back flushed water 
samples for testing to determine the effect that the 
filter was having on the clarified water and what effect 
the contaminants were having on the filter media so a 
life expectancy of the filter might be established. 
EXPERIMENTAL: 
The filter was assembled by the KDF technicians on 
site at western Michigan University. They designed it to 
have a total of four valves to control the water flow 
through the filter. Two of the valves were used while 
the filter was in service and the othertwo were used 
during the back flush sequence. The filter had two 
sample ports which allowed me to take samples of the 
inlet and outlet of the filter without interrupting the 
flow. 
The filter media used for the experiment was KDF 55 
process medium. This medium is made up of high purity 
zinc and copper alloyed together.(!) This alloy was 
chosen because of the high reduction/oxidation potential 
(ORP) that copper and zinc have. The flow rate of the 
filter was designed to be 5 gallons per minute (gpm). At 
this flow rate the amount of medium needed in the filter 
is .33 cubic feet and the physical size of the filter is 
about 8 inches in diameter and 40 inches tall.(2) 
The filter was installed after the DAF clarifier in 
the pilot deinking system at Western Michigan University. 
The clarified water was pumped through the filter a a 
rate of 5 gpm. This flow was controlled by using the 
inlet service valve as a restrictor and looking at the 
float in the rotameter to keep the flow constant. 
I ran 100 gallons of water through the filter 
according to the volumetric meter before backflushing the 
filter. The backflush was done at 10 gpm and was 
adjusted using the backflush inlet valve. The backflush 
was done for eight minutes. 
The jars I took samples in were acide washed and 
rinsed with deionized water in order to remove any 
contaminants which might affect the tests. 
I took samples from the untreated and treated water 
and also at the beginning and the end of the backflush 
cycle. These samples were then acidified to pH 2 using 
nitric acid to keep the dissolved materials in solution 
until the samples were tested. 
The testing was done by KDF Fluid Treatment's lab in 
Three Rivers. The samples were rearranged so that the 
lab did not know in what order the samples had been 
taken. This was done to prevent any bias in the test 
results. 
The samples were tested for lead, copper, zinc, 
iron, calcium, magnesium, hardness as calcium carbonate, 
and total dissolved solids. Lead was tessted for using 
atomic absorption spectrometry (AAS).(3) Copper was 
tested for using the becinchoninate method.(3) Zinc was 
tested for using the zincon method.(3) Iron was tested 
for using the ferrover method.(3) Hardness, calcium, and 
magnesium were all tested for using EDTA titration.(3) 
Total dissolved solids were measured using a Corning TDS 
meter. 
DISCUSSION: 
As I took samples I labeled them in order on their 
tops. To prevent any bias during testing I labeled the 
sample jars at random. Then after taking all the samples 
I made a master list and switched all the tops around on 
the samples so that I was the only one who knew where 
each sample had come from. I rinsed the tops off with 
• 
deionized water before putting them on a different sample 
but I did not acid wash them. By not acid washing the 
tops I may have cross contaminated the samples. If they 
were cross contaminated it could explain why many of the 
graphs jump around and do not show distinct trends. 
If you look at the table in the appendix you can see 
that most of the testing involved the effect of the redox 
filter has on concentrations of dissolved metals commonly 
found in deinking effluent.(4) 
Figure 1 shows the copper concentration increased 
throughout the run. This shows that the inflowing water 
did not stay the same as anticipated. It was expected to 
stay the same because the clarified water was all taken 
from the same water tank. The reason this may have 
occurred might be because at the beginning or end of 
using the DAF clarifier the flocculating chemicals have 
not come int equalibrium yet an.d so some variation in the 
accepted water might be expected. 
The treated water also shows an increasing trend but 
slightly lower than the untreated water. This was an 
expected result of running the water through the redox 
filter. The copper would not be effected by the filter 
media but the level would be slightly lower as the filter 
physically filters out some of the suspended solids. 
These suspended solids may trap some of the dissolved 
material reducing the effluent from the filter. 
The average backflush shown on all the graphs was 
attained by taking a backflush sample at the start and at 
the end of the backflush cycle, and then averaging the 
two values together. 
On all the figures the average back backflush is 
only shown for the first three cycles. This was because 
by the end of the fourth cycle when backflush was needed 
the filter had plugged to the point that the needed flows 
were no longer attainable. 
All the average backflush concentrations show 
increasing heavy metals because as the filter medium was 
coated with suspended solids fewer reactions were taking 
place. When backflushing occurred some of the suspended 
solids which had picked up the dissolved metals were 
released along with the untreated water giving the 
backflush higher concentrations of dissolved materials. 
Figure 3 shows the effect the filter had on zinc 
concentration. This graph shows the treated and 
untreated water both contained similar amounts of zinc. 
I actually expected zinc concentrations to be higher in 
the treated water if the filter was working as expected. 
According to the chemistry(S) which shows the reactions 
that are expected to take place, zinc ions should be 
released by the filter medium as the heavy metals plated 
onto the copper. This graph suggests that the filter may 
have been coated to the point of diminished efficiency 
between the first and second cycle. According to figure 
16, the overall zinc concentration increased steadily 
each cycle. This increase is mostly accounted for in teh 
increased zinc concentration in the backflush. The 
increasing concentration of zinc in teh backflush may 
have come from the higher backflush rate I tried. I 
hoped this would help dislodge the suspended material 
which was packing the filter medium. This higher flow 
could have opened up reactive sites on the medium 
allowing it to work during the backflush and give higher 
zinc concentrations. Another possible reason could be 
the higher backflush rate may have allowed some of the 
very small particles to be backflushed from the filter. 
Figure 5 shows the concentration of iron in teh 
different samples. This figure went as expected. The 
untreated water had a constant concentration of iron 
while the treated water had a constant concentration of 
iron about half that of the treated water. The unusual 
part of this figure is that the iron removal efficiency 
stays the same through the ·fourth cycle. During the 
fourth cycle the medium was packed with suspended solids 
causing me to expect a dramatic drop in iron removal 
efficency. The explanation I have for this might be that 
the redox filter is very good at removing iron and only 
needs a small amount of the medium to be exposed for it 
to remove iron. 
Figure 7 shows the effect of the filter on calcium 
concentrations. From this figure it is very hard to tell 
if there are any trends. By looking at figure 18 which 
is a bar graph the trend becomes visible. It shows that 
the filter had little affect on the untreated water. The 
figure shows this because each cycle the red and green 
areas are roughly the same area. This figure also shows 
the calcium in the backflush is steadily increasing. 
This increase was probably caused by the gradual buildup 
of calcium which was trapped by the medium and suspended 
solids in the filter being released forcefully by the 
backflushing sequence. 
Figure 11 shows the hardness of the water measured 
as calcium carbonate. As with the figures for calcium 
there is little effect the filter has on the hardness. 
This is as expected because the filter is only supposed 
to change the morphology of the calcium carbonate(6) not 
remove it from water. The filter should make the calcium 
carbonate into a smoother rounder particle which does not 
stick to metal or to other particles.(6) The particles 
may become physically entrapped by the filter medium and 
are removed during the backflushing of the filter and 
that would account for the increasing levels of hardness 
in the backflush samples. 
Figure 13 shows the total dissolved solids in the 
different cycles. The TDS increases and decreases 
dramatically but the treated and untreated water move 
together. The treated and untreated TDS should be very 
similar. The filter affects what kind of dissolved 
material is in the water but does not reduce the total 
amount. 
CONCLUSION: 
The application of using a redox filter after the 
DAF clarifier in the pilot deinking system has several 
shortcomings. The filter was not able to handle the 
20ppm suspended solids that were still in the water after 
the clarifier. This caused reduced efficiency and 
increased pressure drop in a very short period of time. 
The filter medium would need to be made of larger 
particles so the suspended solids are less likely to be 
caught in the medium. By increasing the size of the 
particles it would reduce the overall surface area making 
it necessary to have a larger amount of medium in the 
filter. 
With the data that has been examined in this 
research project, I can not recommend the redox filter 
for use in this application. The benefits are small or 
nonexistant while the expense of adding another piece of 
equipment to the deinking system with a high pressure 
drop would be a financial drain. 
RECOMMENDATIONS: 
I have many recommendations on what could be done in 
addition to what I did in order to get more significant 
results. First, the testing should be done over a long 
period of time, perhaps several weeks or months. 
In order to be successful at a long term test, a 
prefilter would be needed to take out the suspended 
solids to prevent the filter media from being coated and 
causing plugging. To keep track of the pressure drop 
across the filter, a pressure gauge should be added to 
the filter so back flushing the filter can be done at a 
certain pressure dropand not rely on a volume flow meter. 
Next, the treated water should be recycled back into the 
system so that the experiment would act more like a paper 
mill with a closed water system. 
the alkalinity should be taken within 24 hours of a 
sample being taken in order to calculate Langiliers 
Saturation Index. This would give a calculation of the 
systems tendency to scale. 
Another aspect of the filter which I did not test 
for is its affect on algea and bacteria. The redox 
potential difference across the filter has been shown to 
kill bacteria and algea.(5) This could help reduce the 
problems associated with a zero effluent mill.(7) 
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Western Michigan University Pilot Plant 
All concentrations are in ppm (mg/1) 
Cu Zn Fe Ca Mg 
2.98 3.06 0.53 65.6 16.0 
5.33 4.14 0.40 48.0 58.3 
5.50 3.76 0.72 64.0 27.2 
2.38 3.56 0.45 68.8 49.6 
2.94 4.10 0.38 75.2 40.8 
4.06 2.70 0.25 43.2 19.4 
2.48 3.47 0.34 72.0 46.2 
0.24 0.73 0.29 56.8 23.8 
6.08 3.98 0.51 120 24.8 
1.58 2.55 0.50 59.2 29.2 
0.72 1.60 0.30 60.8 40.8 
4.71 4.12 0.27 133 16.5 
3.38 6.60 1.12 156 46.2 
4.28 4.02 0.21 112 15.6 


















All methods used are as outlined in Standard Methods for the Examination of Water and 
Wastewater and/or Water Analysis Handbook by HACH Company. 
Parameter Method Detection Limit 
Lead (Pb) Atomic Absorption Spectrometry (AAS) 0.5 ppm 
Copper (Cu) Bicinchoninate Method 0 - 5.00 ppm 
Zinc (Zn) Zincon Method 0 - 2.00 ppm 
Iron Ferro Ver Method 0 - 3.00 ppm 
Hardness EDT A Titration 
Calcium (Ca) EDT A Titration 
Magnesium (Mg) EDT A Titration 
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